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The annual global production is approximately 80 million metric tons [3] . Its primary use is in packaging (plastic bags, plastic films, geomembranes, containers including bottles etc.) [3] . Many kinds of polyethylene are known, with most having the generic chemical formula (C2H4)n. Where n is the degree of polymerization i.e., the number of ethylene monomers polymerized to form the chain. Thus PE is usually a mixture of similar organic compounds that differ in terms of the value of n. The Plastic Waste component of the Municipal Solid Waste is quite problematic because it is nonbiodegradable and therefore can stay in the environment for a considerable length of time causing all sorts of problems. The management of plastic waste through combustion (incineration) is not environmentally friendly and sustainable since this may release carbon dioxide, a major contributor to global warming (greenhouse effect). Land filling with Plastic Waste is not also desirable since plastic is nondegradable and no economic value would have been derived from the waste in that case [4] . The use of polyethylene for improving the engineering properties of the Igbokoda standard sand is the goal of this present study. The scope of the study entails mixing shredded sachet water polyethylene nylon wastes at different percentages of 1%, 2%, 3%, 4% and 5% by weight of the soil and at different sizes of 15 x 20 mm, 20 x 25 mm, 25 x 30 mm with the Igbokoda silica sand, assessing the geotechnical properties necessary for recommending reuse of the sand-plastic waste mix. The Igbokoda silica sand has been established as a standard baseline sand for engineering research work in south western Nigeria and other parts of Nigeria since it needs little processing to bring it to the same level as standard baseline sand, like the Ottawa sand [5] . Using this standard sand provides a benchmark for assessing the behaviour of other soil types with these plastic wastes. There is an urgent need to arrest the recent trend of increasing littered water sachets and plastic bag wastes in the Nigerian environment (land, subsoil, water ways, drainage structures and green belts) and encourage recycling and beneficial reuse of the plastic wastes. F   F I  I I  IGBOKODA GBOKODA GBOKODA  GBOKODA S  S S  STANDARD TANDARD TANDARD  TANDARD S  S S  SAND AND AND   AND W  W W  WITH ITH ITH   ITH S  S S  SHREDDED HREDDED HREDDED  HREDDED P  P P  POLYETHYLENE OLYETHYLENE OLYETHYLENE  OLYETHYLENE W  W W  WASTES ASTES ASTES 
The environmental problems associated with plastic waste are enormous.Plastic bags have become major items in the litter stream in municipal solid waste. This has resulted in a number of adverse environmental impacts including choking of animals, soils, blockage of channels, rivers and waterways and blight and mosaics of landscapes. The problem is more pronounced in the marine environment [6] . Plastic wastes ultimately usually accumulate on surface water bodies and certain areas of the sea. The impacts of plastic waste on our health and the environment are only just becoming apparent. In the marine environment, the most well documented impacts are entanglement and ingestion by wildlife. The increased use and production of plastic in developing and emerging countries is a particular concern, as the sophistication of their waste management infrastructure may not be developing at an appropriate rate to deal with the increasing levels of plastic waste. At the heart of the problem is one of plastic's most valued properties: its durability. Combined with the throwaway culture that has grown up around plastic products, this means that we are using materials that are designed to last, but for shortterm purposes. It is estimated that in 2008 Norway, Switzerland and twenty seven (27) European Union countries, produced about 24.9 megaton's of plastic waste but its distribution is difficult to ascertain [7] . Perhaps one of the most difficult impacts to fully understand, but also potentially one of the most concerning, is the impact of chemicals associated with plastic waste. There are several chemicals within plastic material itself that have been added to give it certain properties such as bisphenol A, phthalates and flame retardants. These all have known negative effects on human and animal health, mainly affecting the endocrine system. There are also toxic monomers, which have been linked to cancer and reproductive problems. Plastic waste also has the ability to attract contaminants, such as persistent organic pollutants (POPs). This is particularly so in the marine environment since many of these contaminants are hydrophobic, which means they do not mix or bind with water [8] [9] . The engineering properties of sand are described with reference to the Ottawa standard sand which has been widely applied in experiments by geologists and engineers for several decades. Common tests include compressive strength, air content, tensile strength for hydraulic cement, and tests for geochemical properties. The sand also serves as a specification for graded sand, 20/30 sand, as well as masonry cement. Practical applications include building stone, abrasive, manufacturing of glass, and moulding sand. Ottawa standard sand, consists of rounded grains of clear colourless quartz, which have diamond-like hardness, and are pure silica (Silicon Dioxide, SiO2) uncontaminated by clay, loam, iron compounds, or other foreign substances. Ottawa sand is the general name for sands mined from numerous deposits found in the northern portion of the United States. "White and Northern sands" are other names used to identify Ottawa sand. These sands are considered by many to be the highest quality sands. They are characterized by high purity, whiteness (although some variations in colour do occur), high roundness (sphericity) and lack of dust. There are other high quality standard sands apart from the Ottawa sand in various parts of the world. Committee for European Norms (CEN) Standard sand is natural sand, which is siliceous and has silica content of at least 98% particularly its finest fractions. It is clean and the particles are generally isometric and rounded in shape. It is usually dried, screened and prepared in a modern workshop which offers every guarantee in terms of quality and consistency. The CEN sand is standard sand used for preparation of mortars in the testing of hydraulic cements by European standard [10] . Toyoura sand is Japanese sand extensively studied by several investigators [11] , [12] . management is one of the serious environmental problems in the world and it has many challenges for the recycling process. The recycling and disposing of some waste polyethylene nylon types have many challenges. These are attributed to the difficulty of making separation, type of polyethylene used, incineration problems, environmental regulations, and increase in the cost of recycling. Use of such waste materials in civil and construction engineering has become an attractive alternative to disposal, to reduce both the cost of disposal and outdoor waste quantities. In view of this, numerous studies had investigated the use of different types of waste and recycled plastics in concrete and geotechnical applications [1, 18, 20] . Polyethylene when mixed with soil behaves like a fibre reinforced soil. When polyethylene fibres are distributed throughout a soil matrix; they impart strength as micro reinforcements, foster material isotropy and reduce the chance of developing potential planes of weakness. Mixing of polyethylene fibres with soil can be carried out in a concrete mixing plant of the drum mixer type or with a self-propelled rotary mixer [21] . Polyethylene fibres could be introduced either in specific layers or mixed randomly throughout the soil. A soil mass improved with discrete, randomly distributed polyethylene fibres resembles soil reinforced with chemical compounds such as lime, cement etc., in its engineering properties. Recycled and waste polyethylene was used to improve sand properties which include; its shear strength, secant modulus, CBR value, angle of internal friction and permeability. Results showed that the strength, stiffness, ductility and toughness of the soil were improved, piping resistance was improved and compressibility of soil was reduced [20] . Similar results have also been achieved by using biodegradable wastes in soil improvement [22] , [23] . Investigation by [19] revealed that the reinforcement benefit increases with an increase in waste plastic strip content and length and that the maximum CBR value of a reinforced system is approximately three (3) times that of an unreinforced system. The paper [24] evaluated the suitability of low density polyethylene (LDPE) waste as fine aggregate in concrete. From his findings LDPE plastic concrete could be used in production of non-load bearing structural members such as tiles and partitions. Table 4 , while the result of particle size distribution is shown in Fig.  3 .The soil is classified as group A-3 (fine Sand) according to the AASHTO classification system. Figure 2 shows the relationship between the angle of internal friction and HDPE waste concentration. The figure shows that all HDPE concentrations between 1% and 5% have internal friction angle value greater than that of 0% concentration, representing Igbokoda sand only. Similarly, Figure 3 shows the relationship between the angle of internal friction and the sizes of shredded HDPE waste in Igbokoda sand-HDPE waste mixture for 2% strip concentration. It was also observed that Igbokoda sand-HDPE waste mixture has a higher angle of internal friction than Igbokoda sand alone; leading to the conclusion that the addition of polyethylene leads to the improvement of its angle of internal friction. Figure 4 shows stress-strain relationship for samples improved with 2% strip concentration and unimproved with shredded polyethylene waste. This proves that the addition of polyethylene improved the shear stress of Igbokoda sand in some cases up to about two times its original shear stress. Figure 5 and Figure 6 show the percentage improvement in angle of internal friction and cohesion in terms of strip concentration and shredded sizes respectively. The percentage improvement is defined as the difference between the ultimate strength of improved sand and Igbokoda sand divided by the ultimate strength of Igbokoda sand. Both angle of internal friction and cohesion increased with the addition of shredded polyethylene. This result agrees with previous study reported by [1, 2, 19, 28, 29] . The increase of Polyethylene content has a more significant effect on the improvement of internal friction angle compared to cohesion as it prevents interlocking. The increase in the shredded sizes of the polyethylene up to 20x25mm size increased the cohesion but on further widening of the strips, the cohesion value dropped. From Figure 5 , it can be seen that; the best improvement in both cohesion and angle of internal friction of Igbokoda sand occurs at 2% HDPE waste concentration. The inclusion of polyethylene strips in the Igbokoda sand, resulted in a remarkable increase in shear strength in tandem with the findings of [27] . Strains in the soil mass generated strains in the strips, which in turn, generated tensile loads in the strips. These tensile loads acted to restrict soil movements and thus impart additional shear strength. This resulted in the composite soil/strip system having significantly greater strength than the soil mass alone. Polyethylene as a material has low frictional properties and therefore interacts with the soil particles in a unique way. Instead of particles adhering to the polyethylene surface, the particles 'punched' and moulded around the 'soft' strips. As the vertical load was applied and increased this 'punching' became amplified, and due to the fact that this material has good elongation characteristics it could withstand the high strains. Figure 6 shows the permeability curve for Igbokoda sand mixed with shredded HDPE waste of 25x30mm. It was observed from the figure that the higher the concentration, the lower the coefficient of permeability of the mixture. An appreciable drop was noticed between the unreinforced sand and the reinforced Igbokoda sand with the drop from 1.30 X 10 -5 to 4.95 X 10 -6 m/sec altering the properties of the sand from that of fine sand to silty sand. The combined plot of Figure 7 shows the coefficient of permeability of Igbokoda sand-HDPE waste mixtures with varying shredded sizes and concentration. It also reinforced the observation of Figure 6 by showing a noticeable reduction in the permeability of the sample as the sizes were increased and concentration increased. Figure 8 shows the percentage reduction of the permeability of Igbokoda sand-HDPE waste mixture with the strip sizes. It was observed that Igbokoda sand-HDPE waste mixture with the widest strip has the lowest permeability value. Addition of 15x20 mm polyethylene shredded size led to a 54% reduction in its coefficient of permeability, while the addition of 20x25mm shredded size of HDPE led to 59.6% reduction; the peak reduction was at 5% concentration of 25x30mm shredded size of HDPE waste, where a 62% reduction was recorded. It can thus, be concluded that the wider the HDPE shredded size and the higher the polyethylene the concentration in Igbokoda sand polyethylene mixture, the higher the reduction in the coefficient of permeability. A reduction the void ratio, porosity and interconnection of pores in the Sand-HDPE waste mixtures, has resulted in the reduction in coefficient of permeability with increase in polyethylene strip concentrations and size. 
